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PYRROLIDINYL-SUBSTITUTED 
PARA-PHENYLENEDIAMINE DERIVATIVES 

SUBSTITUTED WITH A CATIONIC 
RADICAL, AND USE OF THESE 

DERIVATIVES FOR DYEING KERATIN 
FIBERS 

This application claims bene?t of US. Provisional 
Application No. 60/387,499, ?led Jun. 11, 2002. 

The disclosure relates to novel pyrrolidinyl-substituted 
para-phenylenediamine derivatives comprising a cationic 
radical chosen from compounds of formula (I), as de?ned 
herein. This disclosure also relates to the dye compositions 
comprising them and the process for dyeing keratin ?bers 
using these compositions. 

It is Well-knoWn practice to dye keratin ?bers, such as 
human hair, With dye compositions comprising oxidation 
dye precursors, also knoWn as oxidation bases, such as 
ortho- or para-phenylenediamines, ortho- or para 
aminophenols, heterocyclic compounds such as diaminopy 
raZole derivatives, pyraZolo[1,5-a]pyrimidine derivatives, 
pyrimidine derivatives, pyridine derivatives, 5,6 
dihydroxyindole derivatives and 5,6-dihydroxyindoline 
derivatives. Oxidation dye precursors, or oxidation bases, 
are colorless or Weakly colored compounds that, When 
combined With oxidiZing products, can give rise to colored 
compounds and dyes by a process of oxidative condensa 
tion. 

It is also knoWn that the shades obtained With these 
oxidation bases may be varied by combining them With 
couplers or coloration modi?ers. These couplers or colora 
tion modi?ers may be chosen, for example, from aromatic 
meta-diamines, meta-aminophenols, meta-hydroxyphenols 
and certain heterocyclic compounds such as, for example, 
pyraZolo[1,5-b]-1,2,4-triaZole derivatives, pyraZolo[3,2-c] 
1,2,4-triaZole derivatives, pyraZolo[1,5-a]pyrimidine 
derivatives, pyridine derivatives, pyraZol-5-one derivatives, 
indoline derivatives and indole derivatives. 

The variety of molecules used as oxidation bases and 
couplers make it possible to obtain a Wide range of colors. 

The “permanent” coloration obtained With these oxida 
tion dyes should moreover satisfy a number of requirements. 
For example, it should have no toxicological draWbacks, it 
should alloW shades to be obtained in the desired intensity, 
and it should shoW good resistance to external agents such 
as light, bad Weather, Washing, permanent-Waving, perspi 
ration and rubbing. 

The oxidation dyes should also, for example, alloW White 
hairs to be covered. Further, the oxidation dyes should be as 
unselective as possible, i.e., they should produce the small 
est possible color differences along the same length of 
keratin ?ber, Which may be differently sensitiZed (i.e. 
damaged) betWeen its end and its root. The oxidation dyes 
should also, for example, shoW good chemical stability in 
the formulations, and, further for example, have a good 
toxicological pro?le. 

In the ?eld of hair dyeing, para-phenylenediamine and 
para-tolylenediamine are oxidation bases that are Widely 
used. These oxidation bases may, for example, provide 
varied shades When used With oxidation couplers. 

HoWever, there is a need to discover novel oxidation 
bases that may have a better toxicological pro?le than 
para-phenylenediamine and para-tolylenediamine, While at 
the same time may give the hair at least one of the folloWing 
excellent properties: color intensity, variety of shades, color 
uniformity and fastness With respect to external agents. 

It is already knoWn practice to use para 
phenylenediamine derivatives substituted With a pyrrolidine 
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2 
group as oxidation bases for dyeing keratin ?bers. For 
example, US. Pat. No. 5,851,237 discloses the use of 
1-(4-aminophenyl)pyrrolidine derivatives optionally substi 
tuted on the benZene nucleus, to replace para 
phenylenediamine. 

US. Pat. No. 5,993,491 discloses the use of N-(4 
aminophenyl)-2-hydroxymethylpyrrolidine derivatives 
optionally substituted on the benZene nucleus and on the 
pyrrolidine heterocycle in position 4 With a hydroxyl radical, 
in order to replace para-phenylenediamine. 

Japanese Patent Application 11-158 048 discloses com 
positions containing at least one compound chosen from 
4-aminoaniline derivatives optionally substituted on the 
benZene nucleus, and one of the nitrogen atoms of Which is 
included in a 5- to 7-membered carbon ring. 

It is established that these compounds may not make it 
possible to give the hair a coloration that is equivalent in 
quality to that obtained With para-phenylenediamine or With 
para-tolylenediamine due to the lack of intensity and color 
uniformity. 

There is thus a real need to discover novel oxidation 
bases that may, for example, have both a good toxicological 
pro?le and properties such that the compositions comprising 
them may be able to give the hair at least one of the 
folloWing excellent properties: color intensity, variety of 
shades, color uniformity and fastness With respect to the 
various attacking factors to Which the hair may be subjected. 

Disclosed herein are novel dye compositions that can 
overcome at least one draWback of the oxidation bases of the 
prior art. For example, disclosed herein are novel dye 
compositions for dyeing keratin ?bers, Which do not degrade 
the keratin ?bers, While at the same time are capable of 
generating intense colorations in varied shades, and Which 
may be unselective, resistant and can have a good toxico 
logical pro?le. 

Further disclosed herein is a compound chosen from 
pyrrolidinyl-substituted para-phenylenediamine derivatives 
of formula (I) and the addition salts thereof 

(1) 
R2 

Wherein 
n ranges from 0 to 4, Wherein When n is greater than or 

equal to 2, then the radicals R1 may be identical or 
different, 

R1 is chosen from halogens; onium radicals Z; and C1—C6 
aliphatic and alicyclic, saturated and unsaturated 
hydrocarbon-based chains Wherein the hydrocarbon 
based chains may be interrupted With at least one entity 
chosen from oxygen, nitrogen, silicon, and sulphur 
atoms, and a SO2 radical; With the proviso that the 
radical R1 does not comprise a peroxide bond, a diaZo 
radical, a nitro radical or a nitroso radical, 

R2 is chosen from onium radicals Z chosen from radicals 
of formulae (II), (III) and (IV), and radicals 
—X—C=NR8—NR9R1O, Wherein X is chosen from 



US 6,946,005 B2 
3 

oxygen and —NR11 radicals, and R8, R9, R10 and R11, 
Which may be identical or different, are each chosen 
from hydrogen, C1—C4 alkyl radicals and C1—C4 
hydroxyalkyl radicals. 

For example, R1 may be chosen from a chlorine atom, and 
methyl, ethyl, isopropyl, vinyl, allyl, methoxymethyl, 
hydroxyethyl, l-carboxymethyl, l-aminomethyl, 
2-carboxyethyl, 2-hydroxyethyl, 3-hydroxypropyl, 1,2 
dihydroxyethyl, 1-hydroxy-2-aminoethyl, 1-amino-2 
hydroxyethyl, 1,2-diaminoethyl, methoxy, ethoxy, allyloxy 
and 2-hydroxyethyloxy radicals. 

Further disclosed herein is a dyeing composition 
comprising, in a medium suitable for dyeing keratin ?bers, 
at least one oxidation base chosen from pyrrolidinyl 
substituted para-phenylenediamine derivatives of formula 
(I) and the addition salts thereof. 

Also disclosed herein is the use of this composition for 
dyeing keratin ?bers and the process for dyeing keratin 
?bers, for example, human keratin ?bers such as hair, using 
the composition disclosed herein. 

The composition disclosed herein may make it possible to 
obtain, for example, a chromatic, poWerful, unselective and 
fast coloration of keratin ?bers. 
As used herein, an aliphatic hydrocarbon-based chain is 

chosen from linear and branched chains that may comprise 
at least one unsaturation chosen from unsaturations of the 
alkene type and the alkyne type. An alicyclic hydrocarbon 
based chain is chosen from saturated and unsaturated, linear 
and branched chains not containing an aromatic cyclic 
structure. 

When the aliphatic hydrocarbon-based chain or the ali 
cyclic hydrocarbon-based chain is interrupted With an entity 
Y chosen from an oxygen atom, a sulphur atom, a nitrogen 
atom, a silicon atom and a SO2 radical, a unit CH2—Y— 
CH2 is obtained, for example. 

The term “onium” means a nitrogen-based quaternary 
radical. 

In formula (I), When n is equal to 1, R1 may, for example, 
be chosen from halogen atoms; C1—C6 aliphatic and 
alicyclic, saturated and unsaturated hydrocarbon-based 
chains, at least one carbon atom possibly being replaced 
With an entity chosen from an oxygen atom, a nitrogen atom, 
a silicon atom, a sulphur atom, and a SO2 radical, With the 
proviso that the radical R1 does not comprise a peroxide 
bond, a diaZo radical, a nitro radical or a nitroso radical. R1 
may also, for example, be chosen from chlorine, bromine 
and C1—C4 alkyl, C1—C4 hydroxyalkyl, C1—C4 aminoalkyl, 
C1—C4 alkoxy and C1—C4 hydroxyalkoxy radicals. Further, 
for example, R1 may be chosen from methyl, 
hydroxymethyl, 2-hydroxyethyl, 1,2-dihydroxyethyl, 
methoxy, isopropyloxy and 2-hydroxyethoxy radicals. 

The onium radicals Z may be chosen from radicals of 
formula (II) 

(11) 

wherein 
D is a linking arm chosen from a covalent bond and linear 

and branched C1—C14 alkylene chains Which may be 
interrupted With at least one hetero atom chosen from 
oxygen, sulphur and nitrogen, and Which may be sub 
stituted With at least one radical chosen from hydroxyl, 
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4 
C1—C6 alkoxy and amino radicals, and Which may bear 
at least one ketone functional group; 

R4, R5 and R6, Which may be identical or different, taken 
separately, are each chosen from C1—C15 alkyl radicals; 
C1—C6 monohydroxyalkyl radicals; C2—C6 polyhy 
droxyalkyl radicals; (C1—C6)alkoxy(C1—C6)alkyl radi 
cals; aryl radicals; benZyl radicals; C1—C6 amidoalkyl 
radicals; tri(C1—C6)alkylsilane(C1—C6)alkyl radicals; 
C1—C6 aminoalkyl radicals; and C1—C6 aminoalkyl 
radicals Wherein the amine is mono or disubstituted 
With a radical or tWo radicals, Which may be identical 
or different, chosen from C1—C4 alkyl, (C1—C6) 
alkylcarbonyl, amido and (C1—C6)alkylsulphonyl radi 
cals; With the proviso that When the linking arm D is a 
covalent bond then R4 is chosen from aryl radicals; 
benZyl radicals; C1—C6 amidoalkyl radicals; tri 
(C1—C6)-alkylsilane(C1—C6)alkyl radicals; C1—C6 ami 
noalkyl radicals; C1—C6 aminoalkyl radicals Wherein 
the amine is mono- or disubstituted With a radical or 

tWo radicals, Which may be identical or different, 
chosen from C1—C4 alkyl, (C1—C6)alkylcarbonyl, 
amido and (C1—C6)alkylsulphonyl radicals, 

TWo of the radicals chosen from R4, R5 and R6 form, 
together With the nitrogen atom to Which they are 
attached, a saturated carbon-based cationic ring chosen 
from 4-, 5-, 6- and 7-membered rings optionally com 
prising at least one hetero atom, for example, a cationic 
ring chosen from aZetidine rings, pyrrolidine rings, 
piperidine rings, piperaZine rings and morpholine rings, 
Wherein the cationic ring may be substituted With at 
least one entity chosen from halogens, a hydroxyl 
radical, C1—C6 alkyl radicals, C1—C6 monohydroxy 
alkyl radicals, C2—C6 polyhydroxyalkyl radicals, 
C1—C6 alkoxy radicals, tri(C1—C6)alkylsilane(C1—C6) 
alkyl radicals, amido radicals, carboxyl radicals, 
(C1—C6)alkylcarbonyl radicals, thio radicals, 
C1—C6 thioalkyl (—R—SH) radicals, (C1—C6)alkylthio 
radicals, amino radicals, and amino radicals mono-, di-, 
or tri-substituted With a radical or radicals, Which may 
be identical or different, chosen from (C1—C6)alkyl, 
(C1—C6)alkylcarbonyl, amido and (C1—C6) 
alkylsulphonyl radicals; 

R7 is chosen from C1—C6 alkyl radicals; C1—C6 monohy 
droxyalkyl radicals; C2—C6 polyhydroxyalkyl radicals; 
aryl radicals; benZyl radicals; C1—C6 amino alkyl radi 
cals; C1—C6 amino alkyl radicals Wherein the amine 
may be mono- or disubstituted With a radical or tWo 

radicals, Which may be identical or different, chosen 
from (C 1—C6) alkyl, (C 1—C6)alkylcarbonyl, amido and 
(C 1—C6)alkylsulphonyl radicals; C1—C6 carboxyalkyl 
radicals; C1—C6 carbamylalkyl radicals; C1—C6 tri?uo 
ro alkyl radicals; tri(C1—C6)alkylsilane(C1—C6 )alkyl 
radicals; C1—C6 sulphonamido alkyl radicals; (C 1—C6) 
alkylcarboxy(C1—C6)alkyl radicals; (C1—C6) 
alkylsulphinyl(C1—C6)alkyl radicals; (C1—C6) 
alkylsulphonyl(C1—C6)alkyl radicals; (C1—C6) 
alkylcarbonyl(C1—C6)alkyl radicals; N-(C1—C6) 
alkylcarbamyl(C1—C6)alkyl radicals; and N-(C1—C6) 
alkylsulphonamido(C1—C6)alkyl radicals; 

When x=0, then the linking arm D is attached to the 
nitrogen atom bearing the radicals R4, R5, and R6, 

When x=1, then tWo of the radicals chosen from R4, R5, 
and R6 form, together With the nitrogen atom to 
Which they are attached, a saturated ring chosen from 
4-, 5-, 6- and 7-membered rings and the linking arm 
D is linked to a carbon atom of the saturated ring; 



US 6,946,005 B2 
5 

Y is a counter-ion. 
In formula (II), When X is equal to 0, then R4, R5 and R6, 

Which may be identical or different, are each, for example, 
chosen from C1—C6 alkyl radicals, C1—C4 monohydroxy 
alkyl radicals, C2—C4 polyhydroxyalkyl radicals, (C1—C6) 
alkoxy(C1—C4)alkyl radicals, C1—C6 amidoalkyl radicals, 
tri(C1—C6)alkylsilane(C1—C6)alkyl radicals, or R4 and R5 
form, together With the nitrogen to Which they are attached, 
a ring chosen from aZetidine, pyrrolidine, piperidine, pip 
eraZine and morpholine rings, R6 being chosen in this case 
from C1—C6 alkyl radicals; C1—C6 monohydroxyalkyl radi 
cals; C2—C6 polyhydroxyalkyl radicals; C1—C6 aminoalkyl 
radicals; C1—C6 aminoalkyl radicals Wherein the amine may 
be mono- or disubstituted With a radical or tWo radicals, 
chosen from (C1—C6)alkyl, (C1—C6)alkylcarbonyl, amido 
and (C1—C6)alkylsulphonyl radicals; C1—C6 carbamylalkyl 
radicals; tri(C1—C6)alkylsilane(C1—C6)alkly radicals; 
(C1—C6)alkylcarboxy(C1—C6)alkyl radicals; (C1—C6) 
alkylcarbonyl(C1—C6)alkyl radicals; and N-(C1—C6) 
alkylcarbamyl(C1—C6)alkyl radicals. 
When X is equal to 1, then R7 is, for example, chosen from 

C1—C6 alkyl radicals; C1—C6 monohydroxyalkyl radicals; 
C2—C6 polyhydroxyalkyl radicals; C1—C6 aminoalkyl radi 
cals; C1—C6 aminoalkyl radicals Wherein the amine may be 
mono- or disubstituted With a radical or tWo radicals, Which 
may be identical or different, chosen from (C1—C6)alkyl, 
(C1—C6)alkylcarbonyl, amido and (C1—C6)alkylsulphonyl 
radicals; C1—C6 carbamylalkyl radicals; tri(C1—C6) 
alkylsilane(C1—C6)alkyl radicals; (C1—C6)alkylcarboxy 
(C1—C6)alkyl radicals; (C1—C6)alkylcarbonyl(C1—C6)alkyl 
radicals; and N-(C1—C6)alkylcarbamyl(C1—C6)alkyl radi 
cals; R4 and R5 form, together With the nitrogen to Which 
they are attached, a ring chosen from aZetidine, pyrrolidine, 
piperidine, piperaZine and morpholine rings, R6 being cho 
sen in this case from C1—C6 alkyl radicals; C1—C6 monohy 
droxyalkyl radicals; C2—C6 polyhydroxyalkyl radicals; 
C1—C6 aminoalkyl radicals; C1—C6 aminoalkyl radicals 
Wherein the amine may be mono- or disubstituted With a 

radical or tWo radicals, Which may be identical or different, 
chosen from (C1—C6)alkyl, (C1—C6)alkylcarbonyl, amido 
and (C1—C6)alkylsulphonyl radicals; C1—C6 carbamylalkyl 
radicals; tri(C1—C6)alkylsilane(C1—C6)alkyl radicals; 
(C1—C6)alkylcarboxy(C1—C6)alkyl radicals; (C1—C6) 
alkylcarbonyl(C1—C6)alkyl radicals; and N-(C1—C6) 
alkylcarbamyl(C1—C6)alkyl radicals. 

In formula (II), the linking arm D may, for example, be 
chosen from a covalent bond and an alkylene chain that may 
be substituted. 

The onium radicals Z may be chosen from radicals of 
formula (III) 

(III) 

Wherein 
D is a linking arm chosen from a covalent bond and linear 

and branched C1—C14 alkylene chains that may be 
interrupted With at least one hetero atom chosen from 
oxygen, sulphur and nitrogen, and that may be substi 
tuted With at least one radical chosen from hydroxyl, 
C1—C6 alkoxy and amino radicals, and that may bear at 
least one ketone functional group; 

the ring members E, G, J and L, Which may be identical 
or different, are each chosen from carbon, oxygen, 
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6 
sulphur and nitrogen atoms to form, together With the 
ring nitrogen, a ring chosen from pyrrole, pyraZole, 
imidaZole, triaZole, oxaZole, isoxaZole, thiaZole and 
isothiaZole rings, 

q is an integer ranging from 0 to 4; 

o is an integer ranging from 0 to 3; 

q+o is an integer ranging from 0 to 4; 

R, Which may be identical or different, is chosen from 
halogens, a hydroxyl radical, C1—C6 alkyl radicals, 
C1—C6 monohydroxyalkyl radicals, C2—C6 polyhy 
droxyalkyl radicals, C1—C6 alkoxy radicals, tri(C1—C6) 
alkylsilane(C1—C6)alkyl radicals, amido radicals, car 
boxyl radicals, C1—C6 alkylcarbonyl radicals, thio 
radicals, C1—C6 thioalkyl radicals, (C1—C6)alkylthio 
radicals, amino radicals, amino radicals mono- or dis 
ubstituted With a radical or tWo radicals, Which may be 
identical or different, chosen from (C1—C6)alkyl, 
(C1—C6)alkylcarbonyl, amido and (C1—C6) 
alkylsulphonyl radicals; C1—C6 monohydroxyalkyl 
radicals and C2—C6 polyhydroxyalkyl radicals; it being 
understood that the radical R is borne by a carbon atom, 

R3, Which may be identical or different, is chosen from 
C1—C6 alkyl radicals, C1—C6 monohydroxyalkyl 
radicals, C2—C6 polyhydroxyalkyl radicals, tri(C1—C6) 
alkylsilane(C1—C6)alkyl radicals, (C1—C6)alkoxy 
(C1—C6)alkyl radicals, C1—C6 carbamylalkyl radicals, 
(C1—C6)alkylcarboxy(C1—C6)alkyl radicals and benZyl 
radicals; it being understood that the radical R3 is borne 
by a nitrogen atom, 

R7 is chosen from C1—C6 alkyl radicals; C1—C6 monohy 
droxyalkyl radicals; C2—C6 polyhydroxyalkyl radicals; 
aryl radicals; benZyl radicals; C1—C6 aminoalkyl radi 
cals; C1—C6 aminoalkyl radicals Wherein the amine is 
substituted With at least one radical chosen from 
(C1—C6)alkyl, (C1—C6)alkylcarbonyl, amido and 
(C1—C6)alkylsulphonyl radicals; C1—C6 carboxyalkyl 
radicals; C1—C6 carbamylalkyl radicals; C1—C6 tri?uo 
roalkyl radicals; tri(C1—C6)alkylsilane(C1—C6)alkyl 
radicals; C1—C6 sulphonamidoalkyl radicals; (C1—C6) 
alkylcarboxy(C1—C6)alkyl radicals; (C1—C6) 
alkylsulphinyl(C1—C6)alkyl radicals; (C1—C6) 
alkylsulphonyl(C1—C6)alkyl radicals; (C1—C6) 
alkylcarbonyl(C1—C6)alkyl radicals; N-(C1—C6) 
alkylcarbamyl(C1—C6)alkyl radicals; and N-(C1—C6) 
alkylsulphonamido(C1—C6)alkyl radicals; 

x is 0 or 1 

When x=0, the linking arm D is attached to the nitrogen 
atom, 

When x=1, the linking arm D is attached to one of the 
ring members chosen from E, G, J and L, 

Y is a counter-ion. 

By Way of example, the ring members E, G, J and L, 
together With the ring nitrogen, may form a ring chosen from 
pyrrole, imidaZole, pyraZole, oxaZole, thiaZole and triaZole 
rings. In one embodiment, the ring members E, G, J and L, 
together With the ring nitrogen, form an imidaZole ring. 

In another embodiment, the onium radicals Z are chosen 
from radicals of formula (III), Wherein x is equal to 0 and the 
linking arm D is chosen from a covalent bond and an 
alkylene chain that may be substituted. 
The onium radicals Z may be chosen from radicals of 

formula (IV) 
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(IV) 

wherein: 
D is a linking arm chosen from a covalent bond and linear 

and branched C1—C14 alkylene chains Which may be 
interrupted With at least one hetero atom chosen from 
oxygen, sulphur and nitrogen atoms, and Which may be 
substituted With at least one hydroxyl, C1—C6 alkoxy 
and amino radicals, and Which may bear at least one 
ketone functional group; 

the ring members E, G, J, L and M, Which may be 
identical or different, are each chosen from carbon, 
oxygen, sulphur and nitrogen atoms and, together With 
the ring nitrogen, form a ring chosen from pyridine, 
pyrimidine, pyraZine, triaZine and pyridaZine rings; 

p is an integer ranging from 0 to 3; 
m is an integer ranging from 0 to 5; 
p+m is an integer ranging from 0 to 5; 
R, Which may be identical or different, is chosen from 

halogen atoms, a hydroxyl radical, C1—C6 alkyl 
radicals, C1—C6 monohydroxyalkyl radicals, C2—C6 
polyhydroxyalkyl radicals, C1—C6 alkoxy radicals, tri 
(C1—C6)alkylsilane(C1—C6)alkyl radicals, amido 
radicals, carboxyl radicals, C1—C6 alkylcarbonyl 
radicals, thio radicals, C1—C6 thioalkyl radicals, 
(C1—C6)alkylthio radicals, amino radicals, amino radi 
cals substituted With at least one radical chosen from 
(C1—C6)alkyl, (C1—C6)alkylcarbonyl, amido and 
(C1—C6)alkylsulphonyl radicals; C1—C6 monohydroxy 
alkyl radicals and C2—C6 polyhydroxyalkyl radicals; it 
being understood that the radical R is borne by a carbon 
atom, 

R3, Which may be identical or different, is chosen from 
C1—C6 alkyl radicals, C1—C6 monohydroxyalkyl 
radicals, C2—C6 polyhydroxyalkyl radicals, tri(C1—C6) 
alkylsilane(C1—C6)alkyl radicals, (C1—C6)alkoxy 
(C1—C6)alkyl radicals, C1—C6 carbamylalkyl radicals, 
(C1—C6)alkylcarboxy(C1—C6)alkyl radicals and benZyl 
radicals; it being understood that the radical R3 is borne 
by a nitrogen atom, 

R7 is chosen from C1—C6 alkyl radicals; C1—C6 monohy 
droxyalkyl radicals; C2—C6 polyhydroxyalkyl radicals; 
aryl radicals; benZyl radicals; C1—C6 aminoalkyl radi 
cals; C1—C6 aminoalkyl radicals Wherein the amine is 
mono- or disubstituted With a radical or tWo radicals, 

Which may be identical or different, chosen from 
(C1—C6)alkyl, (C1—C6)alkylcarbonyl, amido and 
(C1—C6)alkylsulphonyl radicals; C1—C6 carboxyalkyl 
radicals; C1—C6 carbamylalkyl radicals; C1—C6 tri?uo 
roalkyl radicals; tri(C1—C6)alkylsilane(C1—C6)alkyl 
radicals; C1—C6 sulphonamidoalkyl radicals; (C1—C6) 
alkylcarboxy(C1—C6)alkyl radicals; (C1—C6) 
alkylsulphinyl(C1—C6)alkyl radicals; (C1—C6) 
alkylsulphonyl(C1—C6)alkyl radicals; (C1—C6) 
alkylcarbonyl(C1—C6)alkyl radicals; N-(C1—C6) 
alkylcarbamyl(C1—C6)alkyl radicals; and N-(C1—C6) 
alkylsulphonamido(C1—C6)alkyl radicals; 

X is 0 or 1 

When x=0, the linking arm D is attached to the nitrogen 
atom, 
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8 
When x=1, the linking arm D is attached to one of the 

ring members chosen from E, G, J, L and M, 
Y is a counter-ion. 
In one embodiment, the ring members E, G, J, L and M 

form, With the nitrogen of the ring, a ring chosen from 
pyridine and pyrimidine rings. 
When X is equal to 0, then R is chosen, for example, from 

a hydroxyl radical, C1—C6 alkyl radicals, C1—C6 monohy 
droxyalkyl radicals, C2—C6 polyhydroxyalkyl radicals, 
C1—C6 alkoxy radicals, tri(C1—C6)alkylsilane(C1—C6)alkyl 
radicals, amido radicals, C1—C6 alkylcarbonyl radicals, 
amino radicals, amino radicals mono- or disubstituted With 
a radical or tWo radicals, Which may be identical or different, 
chosen from (C1—C6)alkyl, (C1—C6)alkylcarbonyl, amido 
and (C1—C6)alkylsulphonyl radicals; C1—C6 monohydroxy 
alkyl radicals and C2—C6 polyhydroxyalkyl radicals, and R3 
is chosen from C1—C6 alkyl radicals, C1—C6 monohydroxy 
alkyl radicals, C2—C6 polyhydroxyalkyl radicals, tri(C1—C6) 
alkylsilane(C1—C6)alkyl radicals, (C1—C6)alkoxy(C1—C6) 
alkyl radicals and C1—C6 carbamylalkyl radicals. 
When x is equal to 1, R7 is chosen, for example, from 

C1—C6 alkyl radicals; C1—C6 monohydroxyalkyl radicals; 
C2—C6 polyhydroxyalkyl radicals; C1—C6 aminoalkyl radi 
cals; C1—C6 aminoalkyl radicals Wherein the amine is mono 
or disubstituted With a radical or tWo radicals, Which may be 
identical or different, chosen from (C1—C6)alkyl radicals, 
(C1—C6)alkylcarbonyl radicals, amido radicals and (C1—C6) 
alkylsulphonyl radicals; C1—C6 carbamylalkyl radicals; tri 
(C1—C6)alkylsilane(C1—C6)alkyl radicals; (C1—C6) 
alkylcarbony(C1—C6)alkyl radicals; and N-(C1—C6) 
alkylcarbamyl(C1—C6)alkyl radicals; R is chosen from a 
hydroxyl radical, C1—C6 alkyl radicals, C1—C6 monohy 
droxyalkyl radicals, C2—C6 polyhydroxyaklyl radicals, 
C1—C6 alkoxy radicals, tri(C1—C6)alkylsilane(C1—C6)alkyl 
radicals, amido radicals, C1—C6 alkylcarbonyl radicals, 
amino radicals, amino radicals mono- or disubstituted With 
a radical or tWo radicals, Which may be identical or different, 
chosen from (C1—C6)alkyl, (C1—C6)alkylcarbonyl, amido 
and (C1—C6)alkylsulphonyl radicals; and R3 is chosen from 
C1—C6 alkyl radicals, C1—C6 monohydroxyalkyl radicals, 
C2—C6 polyhydroxyalkyl radicals, tri(C1—C6)alkylsilane 
(C1—C6)alkyl radicals, (C1—C6)alkoxy(C1—C6)alkyl radicals 
and C1—C6 carbamylalkyl radicals. 

In one embodiment, R, R7 and R3 are alkyl radicals that 
may be substituted. 
The radical R2 may also be chosen from onium radicals of 

formula —XP(O)(O—)OCH2CH2N"(CH3)3 Wherein X is 
chosen from oxygen and radicals —NR11, Wherein R11 is 
chosen from hydrogen, C1—C4 alkyl radicals and hydroxy 
alkyl radicals. 

In one embodiment, R2 may also be chosen from guani 
dine radicals of formula —X—C=NR8—NR9R1O, Wherein 
X is chosen from oxygen and a radical —NR11, and R8, R9, 
R10 and R11, Which may be identical or different, are each 
chosen from hydrogen, C1—C4 alkyl radicals, and hydroxy 
alkyl radicals. In another embodiment, X is chosen from 
radicals of —NR11, R8 is a hydrogen and R9 and R10, Which 
may be identical or different, are each chosen from hydrogen 
and alkyl radicals, for example, a methyl radical. 
The pKa of the guanidine radical R2 is such that this 

substituent is present in cationic form (=NR8H+) under the 
standard conditions for the oxidation dyeing of hair. 
As used herein, the counter-ion may be chosen from 

halogens such as bromine, chlorine, ?uorine and iodine, 
hydroxides, citrates, succinates, tartrates, lactates, tosylates, 
mesylates, benZenesulphonates, acetates, a hydrogen 
sulphate, and C1—C6 alkyl sulphates such as methyl sulphate 
and ethyl sulphate. 
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The pyrrolidinyl-substituted para-phenylenediamine 
derivatives of formula (I) and the addition salts thereof may, 
for example, be chosen from: 

Formula Nomenclature 

U NHZ 

[1—(4—Amino—phenyl) 
pyrrolidin—3—yl]— ( 
trimethylammonium—heXyl)— 
dimethyl 
ammoniumdichloride 
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-continued 

Formula Nomenclature 

3—[1—(4—Amino—phenyl)— / 
S pyrrolidin-3-yl]—thiazol—3— 

N+ / ium Acetate 

N O 

: t *0. 
NH2 

1-[1-(4 / \ aminophenyl)pyrrolidin-3 
yl]pyridinium Acetate 

N+\ 

lo. 

1—[1—(4—Amino—phenyl)— 
pyrrolidin—3—yl]—4—aza—1 
azonia—bicyclo[2,2,2] 
octane; 
methanesulfonate 
hydrochloride 

The pyrrolidinyl-substituted para-phenylenediamine 
derivatives of formula (I) and addition salts thereof may, for 
example, be chosen from: 

N‘-[ 1 -(4-Aminophenyl)pyrrolidin-3-yl]-N,N 
dimethylguanidine; 

N-[l -(4-Aminophenyl)pyrrolidin-3-yl]guanidine; 
3-[1-(4-Aminophenyl)pyrrolidin-3-yl]-1-methyl-3H 

imidazol-l-ium chloride; 
[1 -(4-Aminophenyl)pyrrolidin-3-yl]dimethyl-(3 

trimethylsilanylpropyl)ammonium chloride; 
N‘-[1-(4-Amino-3-methylphenyl)pyrrolidin-3-yl]-N,N 

dimethylguanidine; 
N-[1-(4-Amino-3-methylphenyl)pyrrolidin-3-yl] 

guanidine; 
3-[1 -(4-Amino-3-methylphenyl)pyrrolidin-3-yl]- 1 - 

methyl-3H-imidaZol-1-ium chloride; 
[1-(4-Amino-3-methylphenyl)pyrrolidin-3-yl]dimethyl 

(3-trimethylsilanylpropylammonium chloride; 
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3-[1-(4-Aminophenyl)pyrrolidin-3-yl]- 1-(3 
trimethylsilanylpropyl)-3H-imidaZol-1-ium chloride; 

3-[1-(4-Amino-3-methylphenyl)pyrrolidin-3-yl]-1-(3 
trimethylsilanylpropyl)-3H-imidaZol-1-ium chloride; 

1‘-(4-Aminophenyl)-l-methyl-[l,3‘]bipyrrolidinyl-1-ium 
chloride; 

1‘-(4-Amino-3-methylphenyl)- l-methyl-[l ,3‘] 
bipyrrolidinyl-l-ium chloride; 

3-{[1-(4-Aminophenyl)pyrrolidin-3-ylcarbamoyl] 
methyl}-1-methyl-3H-imidaZol-1-ium chloride; 

3-{[1-(4-Amino-3-methylphenyl)pyrrolidin-3 
ylcarbamoyl]methyl} -1-methyl-3H-imidaZol-l-ium 
chloride; and 

1‘-(4-amino-phenyl)-1-methyl-[1,3‘]bipyrrolidinyl-1-ium 
chloride. 

According to one embodiment, the linking arm D com 
prises at least one phosphoryl radical, for example, at least 
one radical chosen from [1-(4-Amino-phenyl)-pyrrolidin-3 
yl]-oxophosphorylcholine and [1-(4-Amino-3-methyl 
phenyl)-pyrrolidin-3-yl]-oXophosphorylcholine. 
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The dye composition disclosed herein comprises, in a 
medium suitable for dyeing keratin ?bers, such as human 
hair, at least one oxidation base chosen from pyrrolidinyl 
substituted para-phenylenediamine derivatives of formula 
(I) and the addition salts thereof as de?ned above. 

The at least one oxidation base may be present in an 
amount ranging, for example, from 0.001% to 10% by 
Weight, relative to the total Weight of the dye composition, 
further for example, from 0.005% to 6% by Weight, relative 
to the total Weight of the dyeing composition. 

The dye composition disclosed herein may further com 
prise at least one coupler conventionally used for dyeing 
keratin ?bers. The at least one coupler may, for example, be 
chosen from meta-phenylenediamines, meta-aminophenols, 
meta-diphenols, naphthalenic couplers and heterocyclic 
couplers, and the addition salts thereof. 

The at least one coupler may, for example, be chosen from 
2-methyl-5-aminophenol, 5-N-([3-hydroxyethyl)amino-2 
methylphenol, 6-chloro-2-methyl-5-aminophenol, 
3-aminophenol, 1,3-dihydroxybenZene, 1,3-dihydroxy-2 
methylbenZene, 4-chloro-1,3-dihydroxybenZene, 2,4 
diamino-1-([3-hydroxyethyloxy)benZene, 2-amino-4-([3 
hydroxyethylamino)- 1 -methoxybenZene, 1 ,3 
diaminobenZene, 1,3-bis(2,4-diaminophenoxy)propane, 
3-ureidoaniline, 3-ureido-1-dimethylaminobenZene, 
sesamol, 1-[3-hydroxyethylamino-3,4-methylenedioxy 
benZene, ot-naphthol, 2-methyl-1 -naphthol, 
6-hydroxyindole, 4-hydroxyindole, 4-hydroxy-N 
methylindole, 2-amino-3-hydroxypyridine, 
6-hydroxybenZomorpholine, 3,5-diamino-2,6 
dimethoxypyridine, 1-N-([3-hydroxyethyl)amino-3,4 
methylenedioxybenze and 2,6-bis([3-hydroxyethylamino) 
toluene and the acid addition salts thereof. 

In one embodiment, the at least one coupler is present in 
an amount ranging from 0.001% to 10% by Weight, relative 
to the total Weight of the dye composition, further for 
example, from 0.005% to 6% by Weight, relative to the total 
Weight of the dye composition. 

In another embodiment, the dye composition may also 
comprise at least one additional oxidation base convention 
ally used in oxidation dyeing, other than those described 
above. The at least one additional oxidation base may, for 
example, be chosen from para-phenylenediamines other 
than those described above, such as bis(phenyl) 
alkylenediamines, para-aminophenols, bis-para 
aminophenols, ortho-aminophenols and heterocyclic bases, 
and the addition salts thereof. 

The para-phenylenediamines may, for example, be chosen 
from para-phenylenediamine, para-tolylenediamine, 
2-chloro-para-phenylenediamine, 2,3-dimethyl-para 
phenylenediamine, 2,6-dimethyl-para-phenylenediamine, 
2,6-diethyl-para-phenylenediamine, 2,5-dimethyl-para 
phenylenediamine, N,N-dimethyl-para-phenylenediamine, 
N,N-diethyl-para-phenylenediamine, N,N-dipropyl-para 
phenylenediamine, 4-amino-N,N-diethyl-3-methylaniline, 
N,N-bis([3-hydroxyethyl)-para-phenylenediamine, 4-N,N 
bis([3-hydroxyethyl)amino-2-methylaniline, 4-N,N-bis([3 
hydroxyethyl)amino-2-chloroaniline, 2-[3-hydroxyethyl 
para-phenylenediamine, 2-?uoro-para-phenylenediamine, 
2-isopropyl-para-phenylenediamine, N-([3-hydroxypropyl) 
para-phenylenediamine, 2-hydroxymethyl-para 
phenylenediamine, N,N-dimethyl-3-methyl-para 
phenylenediamine, N-ethyl-N-(B-hydroxyethyl)-para 
phenylenediamine, N-(B,[3-dihydroxypropyl)-para 
phenylenediamine, N-(4‘-aminophenyl)-para 
phenylenediamine, N-phenyl-para-phenylenediamine, 2-[3 
hydroxyethyloxy-para-phenylenediamine, 2-[3 
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acetylaminoethyloxy-para-phenylenediamine, N-(B 
methoxyethyl)-para-phenylenediamine, 4-aminophenyl 
pyrrolidine, 2-thienyl-para-phenylenediamine, 2-[3 
hydroxyethylamino-5-aminotoluene and 3-hydroxy-1-(4‘ 
aminophenyl)pyrrolidine, and the acid addition salts thereof. 
The para-phenylenediamines may, for example, be chosen 

from para-phenylenediamine, para-tolylenediamine, 
2-isopropyl-para-phenylenediamine, 2-[3-hydroxyethyl 
para-phenylenediamine, 2-[3-hydroxyethyloxy-para 
phenylenediamine, 2,6-dimethyl-para-phenylenediamine, 
2,6-diethyl-para-phenylenediamine, 2,3-dimethyl-para 
phenylenediamine, N,N-bis([3-hydroxyethyl)-para 
phenylenediamine, 2-chloro-para-phenylenediamine and 
2-[3-acetylaminoethyloxy-para-phenylenediamine, and the 
acid addition salts thereof. 
The bis(phenyl)alkylenediamines may be chosen, for 

example, from N,N‘-bis([3-hydroxyethyl)-N,N‘-bis(4‘ 
aminophenyl)-1 ,3-diaminopropanol, N,N‘-bis([3 
hydroxyethyl)-N,N‘-bis(4-aminophenyl)ethlyenediamine, 
N,N‘-bis(4-aminophenyl)tetra-methylenediamine, N,N‘-bis 
([3-hydroxyethyl)-N,N‘-bis(4-aminophenyl) 
tetramethylenediamine, N,N‘-bis(4-methyl-aminophenyl) 
tetramethylenediamine, N,N‘-bis(ethyl)-N,N‘-bis(4‘-amino 
3‘-methylphenyl)ethylenediamine and 1,8-bis(2,5 
diaminophenoxy)-3,6-dioxaoctane, and the acid addition 
salts thereof. 
The para-aminophenols may be chosen, for example, 

from para-aminophenol, 4-amino-3-methylphenol, 4-amino 
3-?uorophenol, 4-amino-3-hydroxymethylphenol, 4-amino 
2-methylphenol, 4-amino-2-hydroxymethylphenol, 
4-amino-2-methoxymethylphenol, 4-amino-2 
aminomethylphenol, 4-amino-2-([3-hydroxyethylamino 
methyl)phenol and 4-amino-2-?uorophenol, and the acid 
addition salts thereof. 
The ortho-aminophenols may be chosen, for example, 

from 2-aminophenol, 2-amino-5-methylphenol, 2-amino-6 
methylphenol and 5-acetamido-2-aminophenol, and the acid 
addition salts thereof. 
The heterocyclic bases, may be chosen, for example, from 

pyridine derivatives, pyrimidine derivatives and pyraZole 
derivatives. 
The pyridine derivatives may be chosen from compounds 

disclosed, for example, in Patent Nos. GB 1 026 978 and GB 
1 153 196, such as 2,5-diaminopyridine, 2-(4 
methoxyphenyl)amino-3-aminopyridine, 2,3-diamino-6 
methoxypyridine, 2-([3-methoxyethyl)amino-3-amino-6 
methoxypyridine and 3,4-diaminopyridine, and the acid 
addition salts thereof. 
The pyridine oxidation bases may also be chosen, for 

example, from 3-aminopyraZolo[1,5-a]pyridine oxidation 
bases and the addition salts thereof disclosed, for example, 
in Patent Application No. FR 2 801 308. For example, the 
pyridine oxidation bases may be chosen from pyraZolo[1,5 
a]pyrid-3-ylamine; 2-acetylaminopyraZolo[1,5-a]pyrid-3 
ylamine; 2-morpholin-4-ylpyraZolo[1,5-a]pyrid-3-ylamine; 
3-aminopyraZolo[1,5-a]pyridine-2-carboxylic acid, 
2-methoxypyraZolo[1,5-a]pyrid-3-ylamine; 
(3-aminopyraZolo[1,5-a]pyrid-7-yl)methanol; 2-(3 
aminopyraZolo[1 ,5-a]pyrid-5-yl)ethanol; 2,3 
aminopyraZolo[1,5-a]pyrid-7-yl)ethanol; (3-aminopyraZolo 
[1,5-a]pyrid-2-yl)methanol; 3,6-diaminopyraZolo[1,5-a] 
pyridine; 3,4-diaminopyraZolo[1,5-a]pyridine; pyraZolo[1, 
5-a]pyridine-3,7-diamine; 7-morpholin-4-ylpyraZolo[1,5-a] 
pyrid-3-ylamine; pyraZolo[1,5-a]pyridine-3,5-diamine; 
5-morpholin-4-ylpyraZolo[1,5-a]pyrid-3-ylamine; 2-[(3 
aminopyraZolo[1,5-a]pyrid-7-yl)(2-hydroxyethyl)amino] 
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ethanol; 2-[(3-aminopyraZolo[1,5-a]pyrid-7-yl)(2 
hydroxyethyl)amino]ethanol; 3-aminopyraZolo-[1,5-a] 
pyrid-5-ol; 3-aminopyraZolo[1,5-a]pyrid-4-ol; 
3-aminopyraZolo[1,5-a]pyrid-6-ol; 3-aminopyraZolo[1,5-a] 
pyrid-7-ol and the acid and base addition salts thereof. 

The pyrimidine derivatives may be chosen, for example, 
from the compounds disclosed in Patent Nos. DE 2 359 399 
and JP 88-169 571; JP 05 63 124; EP 0 770 375 and Patent 
Application No. WO 96/15765, such as 2,4,5,6 
tetraaminopyrimidine, 4-hydroxy-2,5,6-triaminopyrimidine, 
2-hydroxy-4,5,6-triaminopyrimidine, 2,4-dihydroxy-5,6 
diaminopyrimidine and 2,5,6-triaminopyrimidine, and pyra 
Zolopyrimidine derivatives such as those disclosed in Patent 
Application FR-A-2 750 048 such as pyraZolo[1,5-a] 
pyrimidine-3,7-diamine; 2,5-dimethylpyraZolo[1,5-a] 
pyrimidine-3,7-diamine; pyraZolo[1,5-a]pyrimidine-3,5 
diamine; 2,7-dimethylpyraZolo[1,5-a]pyrimidine-3,5 
diamine; 3-aminopyraZolo[1,5-a]pyrimidin-7-ol; 
3-aminopyraZolo[1,5-a]pyrimidin-5-ol; 2-(3-aminopyraZolo 
[1,5-a]pyrimidin-7-ylamino)ethanol, 2-(7-aminopyraZolo[1, 
5 -a]pyrimidin-3-ylamino)ethanol, 2-[(3-aminopyraZolo[1,5 
a]pyrimidin-7-yl)(2-hydroxyethyl)amino]ethanol, 2-[(7 
aminopyraZolo[1,5-a]pyrimidin-3-yl)(2-hydroxyethyl) 
amino]ethanol, 5,6-dimethylpyraZolo[1,5-a]pyridine-3,7 
diamine, 2,6-dimethylpyraZolo[1,5-a]pyrimidine-3,7 
diamine, 2,5,N7,N7-tetramethylpyraZolo[1,5-a]pyrimidine 
3,7-diamine and 3-amino-5-methyl-7 
imidaZolypropylaminopyraZolo[1,5-a]pyrimidine, and the 
acid addition salts thereof and the tautomeric forms thereof, 
When a tautomeric equilibrium exists. 

The pyraZole derivatives may be chosen from compounds 
disclosed in Patent Nos. DE 3 843 892 and DE 4 133 957 
and Patent Application Nos. WO 94/08969, WO 94/08970, 
FR-A-2 733 749 and DE 195 43 988, such as 4,5-diamino 
1-methylpyraZole, 4,5-diamino-1-([3-hydroxyethyl) 
pyraZole, 3,4-diaminopyraZole, 4,5-diamino-1-(4‘ 
chlorobenZyl)pyraZole, 4,5-diamino-1,3-dimethylpyraZole, 
4,5-diamino-3-methyl-1-phenylpyraZole, 4,5-diamino-1 
methyl-3-phenylpyraZole, 4-amino-1,3-dimethyl-5 
hydraZinopyraZole, 1 -benZyl-4,5-diamino-3 
methylpyraZole, 4,5-diamino-3-tert-butyl- 1 - 
methylpyraZole, 4,5-diamino- 1 -tert-butyl-3 
methylpyraZole, 4,5-diamino-1-([3-hydroxyethyl)-3 
methylpyraZole, 4,5-diamino-1-ethyl-3-methylpyraZole, 
4,5-diamino-1-ethyl-3-(4‘-methoxyphenyl)pyraZole, 4,5 
diamino-1-ethyl-3-hydroxymethylpyraZole, 4,5-diamino-3 
hydroxymethyl-1-methylpyraZole, 4,5-diamino-3 
hydroxymethyl-1-isopropylpyraZole, 4,5-diamino-3 
methyl-1-isopropylpyraZole, 4-amino-5-(2‘-aminoethyl) 
amino-1,3-dimethylpyraZole, 3,4,5-triaminopyraZole, 
1-methyl-3,4,5-triaminopyraZole, 3,5-diamino-1-methyl-4 
methylaminopyraZole and 3,5-diamino-4-([3-hydroxyethyl) 
amino-1-methylpyraZole, and the acid addition salts thereof. 

The at least one additional oxidation base may be present 
in the dye composition in an amount ranging, for example, 
from 0.001% to 10% by Weight, relative to the total Weight 
of the dye composition, further for example, from 0.005% to 
6% by Weight, relative to the total Weight of the composi 
tion. 

The addition salts of the at least one oxidation base, of the 
at least one additional oxidation base, and of the at least one 
coupler may be chosen, for example, from the acid addition 
salts, such as the hydrochlorides, hydrobromides, sulphates, 
citrates, succinates, tartrates, lactates, tosylates, 
benZenesulphonates, phosphates and acetates, and the base 
addition salts, such as sodium hydroxide, potassium 
hydroxide, ammonia, amines and alkanolamines. 

In another embodiment, the dye composition disclosed 
herein may also comprise at least one direct dye chosen, for 
example, from nitrobenZene dyes, aZo direct dyes and 
methine direct dyes. The at least one direct dye may be of 
nonionic, anionic or cationic nature. 
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The medium suitable for dyeing, also knoWn as the dye 

support, comprises Water or a mixture of Water and at least 
one organic solvent to dissolve the compounds that are not 
suf?ciently soluble in Water. The at least one organic solvent 
may, for example, be chosen from C1—C4 loWer alkanols, 
such as ethanol and isopropanol; polyols and polyol ethers 
such as 2-butoxyethanol, propylene glycol, propylene glycol 
monomethyl ether, diethylene glycol monoethyl ether and 
monomethyl ether, as Well as aromatic alcohols such as 
benZyl alcohol and phenoxyethanol. 

The at least one organic solvent may be present in an 
amount ranging, for example, from 1% to 40% by Weight, 
relative to the total Weight of the dye composition, further 
for example, from 5% to 30% by Weight, relative to the total 
Weight of the dyeing composition. 

In another embodiment, the dye composition may also 
comprise, for example, at least one adjuvant conventionally 
used in compositions for dyeing the hair. For example, the 
at least one adjuvant may be chosen from anionic, cationic, 
nonionic, amphoteric and ZWitterionic surfactants, anionic, 
cationic, nonionic, amphoteric and ZWitterionic polymers, 
inorganic and organic thickeners, for example, anionic, 
cationic, nonionic and amphoteric associative polymeric 
thickeners, antioxidants, penetration agents, sequestering 
agents, fragrances, buffers, dispersing agents, packaging 
agents, for example, volatile and non-volatile, modi?ed and 
unmodi?ed silicones, ?lm-forming agents, ceramides, pre 
serving agents and opaci?ers. 
The at least one adjuvant may be present in an amount 

ranging, for example, from 0.01% to 20% by Weight, 
relative to the Weight of the composition. 
A person skilled in the art may choose at least one 

optional additional compound such that the advantageous 
properties intrinsically associated With the oxidation dye 
composition disclosed herein are not, or are not 
substantially, adversely affected by the addition envisaged. 
The pH of the dye composition disclosed herein may 

range, for example, from 3 to 12, further for example, from 
5 to 11. The pH may be adjusted to the desired value using, 
for example, at least one agent chosen from acidifying and 
basifying agents. The acidifying agents and the basifying 
agents may be chosen, for example, from those convention 
ally used in the dyeing of keratin ?bers and standard buffer 
systems. 
The acidifying agents may, for example, be chosen from 

inorganic and organic acids such as hydrochloric acid, 
orthophosphoric acid, sulphuric acid, carboxylic acids such 
as acetic acid, tartaric acid, citric acid and lactic acid, and 
sulphonic acids. 
The basifying agents may, for example, be chosen from 

aqueous ammonia, alkaline carbonates, alkanolamines such 
as mono-, di- and triethanolamine and derivatives thereof, 
sodium hydroxide, potassium hydroxide and the compounds 
of formula (V) beloW: 

(V) 

Wherein W is chosen from propylene residues optionally 
substituted With at least one radical chosen from a hydroxyl 
radical and C1—C4 alkyl radicals; Ra, Rb, RC and R d, Which 
may be identical or different, are each chosen from 
hydrogen, C1—C4 alkyl radicals and C1—C4 hydroxyalkyl 
radicals. 
The dye composition disclosed herein may be in various 

forms, such as in a form chosen from liquids, creams, gels, 
and any other form that may be suitable for dyeing keratin 
?bers, such as human hair. 
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Further disclosed herein is a process comprising applying 
the dye composition disclosed herein to keratin ?bers, 
Wherein the color may be developed using at least one 
oxidiZing agent. The color may be developed, for example, 
at acidic, neutral or alkaline pH. The at least one oxidiZing 
agent may be added to the dye composition disclosed herein 
at the time of use, or an oxidiZing composition comprising 
at least one oxidiZing agent may, be applied simultaneously 
or sequentially to the dye composition disclosed herein. 

In one embodiment, the dye composition disclosed herein 
may be mixed, for example, at the time of use, With an 
oxidiZing composition comprising, in a medium suitable for 
dyeing, at least one oxidiZing agent. The at least one 
oxidiZing agent is present in an amount that is suf?cient to 
develop a coloration. The mixture obtained then may be 
applied to the keratin ?bers. After an action time ranging 
from 3 to 50 minutes, for example, from 5 to 30 minutes, the 
keratin ?bers may be rinsed, Washed With shampoo, rinsed 
again and then dried. 

The at least one oxidiZing agent used for the oxidation 
dyeing of keratin ?bers may be chosen, for example, from 
hydrogen peroxide, urea peroxide, alkali metal bromates, 
persalts such as perborates and persulphates, peracids and 
oxidase enZymes, such as peroxidases, 2-electron oxi 
doreductases such as uricases, and 4-electron oxygenases, 
such as laccases. In one embodiment, the at least one 
oxidiZing agent is hydrogen peroxide. 

The oxidiZing composition may also comprise at least one 
adjuvant chosen from those conventionally used in compo 
sitions for dyeing the hair, such as those adjuvants de?ned 
above. 

The pH of the oxidiZing composition comprising the at 
least one oxidiZing agent may be such that, after mixing With 
the dye composition, the pH of the resulting composition 
applied to the keratin ?bers ranges, for example, from 3 to 
12, further for example, from 5 to 11. The pH may be 
adjusted to the desired value using, for example, at least one 
agent chosen from acidifying and basifying agents. The 
acidifying and basifying agents may be chosen from those 
conventionally used in the dyeing of keratin ?bers and 
standard buffer systems as de?ned above. 

The ready-to-use composition that is ?nally applied to the 
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the dye composition disclosed herein and a second compart 
ment comprising the oxidiZing composition. This device 
may, for example, be equipped With a means for applying the 
desired mixture to the hair, such as the devices disclosed in 
Patent No. FR-2 586 913. 

Using this device, it is possible to dye keratin ?bers using 
a process comprising mixing a dye composition comprising 
at least one oxidation base chosen from pyrrolidinyl 
substituted para-phenylenediamine derivative of formula (I) 
and the addition salts thereof With at least one oxidiZing 
agent, and applying the mixture obtained to the keratin ?bers 
for a time that is suf?cient to develop the desired coloration. 
Even further disclosed herein are nitro pyrrolidinyl 

substituted para-phenylenediamine derivatives of formula 
(I‘) and the addition salts thereof, such derivatives being 
intermediate compounds in the synthesis of pyrrolidinyl 
substituted para-phenylenediamine derivatives of formula 
(I) 

No2 

Wherein R1, n and R2 are previously de?ned herein. 
The pyrrolidinyl-substituted para-phenylenediamine 

derivatives of formula (I) and the addition salts thereof as 
disclosed herein can be prepared by the application or 
adaptation of knoWn methods. For example, they can be 
obtained by the adaptation of the methods disclosed beloW. 
The examples that folloW serve to illustrate the invention 

Without, hoWever, being limiting in nature. 

_ _ _ 4O EXAMPLES 

keratin ?bers may, for example, be in various forms, such as 
in a form chosen from liquids, creams and gels and any other Example 1 
form that is suitable for dyeing keratin ?bers, such as human 
hair. Synthesis of 1-methyl-3-[1-(4-aminophenyl) 

Further disclosed herein is a multi-compartment dyeing pyrrolidin-3-yl]-3H-imidaZol-1-ium chloride 
device or “kit”, comprising a ?rst compartment comprising hydrochloride 

.OH .OMs 

F 

/OH N N 
+ —> —> 

N 
H 

N02 

N02 N02 

1 2 
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-continued 

HCl 

NH2 No2 

Synthesis of 1-(4-nitrophenyl)pyrrolidin-3-ol (1) 
2 g of 1-?uoro-4-nitrobenZene (0.0155 mol), 1.3 g of 

sodium hydrogen carbonate (0.0155 mol) and 15 ml of a 
dioxane/Water mixture (8/2) Were placed in a three-necked 
?ask. 1.35 g of 3-pyrrolidinol (0.0155 mol) Was rapidly 
added to this mixture. The heterogeneous mixture Was 
heated at re?ux (87° C.) for 10 hours. The reaction mixture 
Was then poured into ice-Water; a yellow precipitate Was 
obtained, Which Was ?ltered off and rinsed With Water. After 
drying under vacuum in the presence of P205, 2.95 g of a 
yelloW solid are obtained (97% yield). 

1H NMR (DMSO-d6, 200 MHZ, ppm) in accordance With 
the expected product: 8.04 (d, J=9 HZ, 2H); 6.58 (d, J=9 HZ, 
2H); 5.06 (d, J=3.6 HZ, 1H); 4.41 (m, 1H); 3.45 (m, 3H); 
3.20 (m, 1H); 2.04 (m, 2H). 

Elemental analysis: 

% C H N 0 

Calculated 57.89 5.81 13.45 23.05 
Found 57.17 5.72 13.23 23.28 

Synthesis of 1-(4-aminophenyl)pyrrolidin-3-yl methane 
sulphonate (2) 

40 ml (0.516 mol) of mesyl chloride Was added dropWise 
at 5° C. to 83.3 g (0.4 mol) of N-(4-nitrophenly)-3 
hydroxypyrrolidine (1) dissolved in 625 ml of anhydrous 
THF and 72.7 ml (0.6 mol) of triethylamine. The mixture 
Was alloWed to return to room temperature and Was then 
poured onto ice. After ?ltering off the precipitate by suction 
and drying, 109 g of yelloW poWder (2) Was obtained. 

Melting point: 203° C. 
1H NMR (400 MHZ-DMSO) ppm 8.09 (d, 2H); 6.68 (d, 

2H); 5.47 (m,1H); 3.77—3.48 (m, 4H); 3.28 (s, 3H); 2.35 (m, 
2H). 

Synthesis of 1 -methyl-3-[1-(4-nitrophenyl)pyrrolidin-3-yl] 
3H-imidaZol-1-ium methanesulphonate (3) 

23 g (0.08 mol) of 1-(4-nitrophenyl)pyrrolidin-3-yl meth 
anesulphonate (2) Was heated for 8 hours at 85° C. in 150 g 
of 1-methylimidaZole (1.82 mol). This solution Was stirred 
in 2 l of ethyl acetate to the point of crystalliZation. After 
?ltration and drying, 24 g of yelloW poWder (3) Was 
obtained. 
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MeSO3 

1H NMR (400 MHZ-DMSO) ppm 9.44 (s, 1H); 8.29 (d, 
2H); 8.07 (m, 1H); 7.96 (m, 1H); 6.91 (d, 2H); 5.48 (m, 1H); 
4.16 (m, 1H); 4.02 (s, 3H) from 3.98 to 3.79 (m, 4H); 2.85 
(m, 1H); 2.69 (m, 1H); 2.50 (s, 3H). 

ESI+mass: m/Z=273 [M+]. 

Synthesis of 1-methyl-3-[1-(4-nitrophenyl)pyrrolidin-3-yl] 
3H-imidaZol-1-ium chloride (4) 

23 g (0.0624 mol) of 1-methyl-3-[1-(4-nitrophenyl) 
pyrrolidin-3-yl]-3H-imidaZol-1-ium methanesulphonate (3) 
dissolved in 200 ml of Water Was stirred With 500 g of 
Amberlite IRA-402 ion-exchange resins for 14 hours; the 
resin Was separated out by ?ltration and the ?ltrate Was 
concentrated and then taken up in isopropanol. The yelloW 
poWder Was recovered by ?ltration and then dried. 16.5 g of 
1-methyl-3-[1-(4-nitrophenyl)pyrrolidin-3-yl]-3H 
imidaZol-1-ium chloride (4) Was obtained. 

1H NMR (400 MHZ-DMSO) ppm 9.35 (s, 1H); 8.11 (m, 
2H); 8.90 (m, 1H); 7.78 (m, 1H); 6.71 (m, 2H); 5.31 (m, 1H); 
4.37 (m, 1H); from 3.98 to 3.95 (m, 1H); 3.85 (s, 3H); from 
3.83 to 3.69 (m, 4H); from 2.51 to 2.49 (m, 2H); 

ESI+mass: m/Z=307 [M+]. 

Synthesis of 1-methyl-3-[1-(4-aminophenyl)pyrrolidin-3 
yl]-1H-imidaZol-1-ium chloride hydrochloride (5) 

16 g (0.0518 mol) of the preceding derivative (4) dis 
solved in 600 ml of ethanol Was hydrogenated in the 
presence of palladium-on-charcoal under a hydrogen pres 
sure of 8 bar. After ?ltering off the catalyst, the expected 
derivative (5) Was isolated in the form of the hydrochloride. 

1H NMR (400 MHZ-DMSO) ppm 8.86 (s, 1H); 7.59 (t, 
1H); 7.54 (t, 1H); 7.41 (m, 2H); 6.89 (m, 2H); 5.33 (m, 1H); 
3.97(m,3H);3.85(m,2H);3.71(m, 1H); 3.50 (m, 1H); 2.76 
(m, 1H); 2.51 (m, 1H); 




















































